Objective: The purpose of this study was to assess the restorative choices for pulpal therapy by members of the Australian and New Zealand Society of Paediatric Dentistry (ANZSPD). Methods: Members of the ANZSPD were sent an online survey asking about the procedures that they performed and their choice of dental materials. Results: The respondents were 31 general dentists (GD) and 55 specialist paediatric dentists (PD). Materials used for indirect pulp capping included calcium hydroxide [Ca(OH) 2 ] cement (CHC), glass ionomer cement or resin-modified glass ionomer cement (GIC/RMGIC), Ca(OH) 2 paste (CHP) and mineral trioxide aggregate (MTA). Materials for direct pulp capping included MTA, CHP and CHC. Materials and techniques used for pulpotomy included MTA, ferric sulphate, formocresol and diathermy, CHP and CHC. GD and PD were similar in their choice of materials. However, there was no preferred product for pulp therapy. Most GD learnt how to use MTA from CPD lectures, while some PD learnt how to use MTA from their postgraduate training as well as CPD lectures. Many GD and PD did not have hands-on training from their education on how to use MTA (GD: 80%, PD: 43%). Most would like to attend hands-on MTA courses (GD: 86%, PD: 65%). Conclusion: There was no clear preferred product for the various types of pulp therapy in paediatric dentistry. Education appears to be the major barrier to the use of MTA rather than the cost of MTA.
INTRODUCTION
Mineral trioxide aggregate (MTA) is a dental material that has been advocated for various paediatric dental indications such as vital pulp therapy and pulpotomy in primary and permanent teeth (1) . When MTA is used in permanent teeth, there is a 97.6% success rate for direct pulp caps (DPCs) and a 79% success rate for pulpotomy (2, 3) . In primary teeth, the corresponding success rates are 100% for DPCs (4) and 97% for pulpotomy (5) . Despite these high success rates, MTA is not widely used. The high cost of the material is considered to be the major barrier to its use in clinical practice; however, it is also possible that lack of knowledge regarding how to use MTA could be another significant issue (6) .
The extent of teaching regarding the use of MTA has been limited. In 2009, across the UK and Ireland, only 2 of 14 postgraduate paediatric dentistry departments taught the use of MTA for pulp therapy in primary molars (7) . A similar study in the UK in 2005 involving 13 dental schools reported that calcium hydroxide [Ca(OH) 2 ] was routinely used for pulp capping and ferric sulphate (FS) for pulpotomy, with only 1 school teaching the use of MTA as an alternative material (8) . In Europe, the use of MTA is becoming more widespread as training regarding the use of the material has extended further. A 2013 survey of 29 postgraduate departments in Europe reported that 6 used MTA for pulp capping and 17 used MTA for pulpotomy (6) .
ABSTRACT
There are no published data on the use of MTA in paediatric dentistry in Australia or New Zealand. Accordingly, the aim of the present study was to assess the use of MTA by members of the Australian and New Zealand Society of Paediatric Dentistry (ANZSPD). This society consists of both general dentists (GD) with an interest in paediatric dentistry and specialist paediatric dentists (PD). The study examined the choices of clinicians and assessed how well patterns of clinical use of MTA aligned with the scientific literature, focusing on pulp capping and pulpotomy, grouping both partial and complete pulpotomies into a single category.
MATERIALS and METHODS
The national office of the ANZSPD distributed information regarding a survey to all society members on 28 November 2014, and this was followed by a reminder email sent on 15 April 2015. The survey was conducted online using www.surveymonkey.com. The final response was received on 21 May 2015.
The survey sought information from respondents on the following:
1. Whether the respondent was GD, PD, or a dentist undergoing specialty training in paediatric dentistry. (9) . This has many similarities to the composition of Biodentine, which is primarily calcium silicates with a radiopacifier (10) .
Differences in the patterns of responses between GD and PD were assessed according to their distribution frequency using Fisher's exact test with GraphPad™ statistical software (http:// graphpad.com/quickcalcs/catMenu/). P values of less than 0.05 were regarded as significant.
RESULTS

Respondent characteristics
A total of 103 of 280 members of the ANZSPD completed the survey, giving an overall response rate of 37%. As the respondents included 17 dental therapists, but none of these used MTA, there was no further analysis was conducted for this group. Responses from dentists undergoing specialty training in paediatric dentistry were grouped with those from specialist PD, giving 31 GD and 55 PD.
Overall, MTA was used by more PD than GD (69% vs. 35%). This difference was statistically significant (P<0.05). The choice of MTA product brand was similar in GD (64% ProRoot MTA, 36% MTA Angelus) and PD (70% ProRoot MTA, 27% MTA Angelus).
MTA usage
As illustrated in Table 1 , most GD and PD preferred to permanently restore teeth immediately after MTA placement, while others waited for an arbitrary period of time and a minority placed a temporary restoration after MTA placement and then returned to permanently restore the tooth in a subsequent appointment.
Some respondents stored their MTA in the refrigerator and some used single-use satchels of ProRoot MTA for multiple applications. Both these actions are against the manufacturer's instructions. Although minor differences existed between GD and PD for these aspects, these were not statistically significant.
Education on MTA usage
Attendance at continuing professional development (CPD) lectures was the major way in which GD had learnt how to use MTA (87%). This significantly differed for PD; nearly half (44%) learnt how to use MTA during their specialist training and only one-third (35%) learnt how to use MTA from CPD. The courses attended by GD rarely included hands-on training in the use of MTA (20%), while the specialist training of PD often included hands-on training in the use of MTA (57%). The majority of respondents in both the groups wanted to attend hands-on courses on the use of MTA (GD: 86%; PD: 65%).
The types of clinical procedures undertaken by respondents are shown in Figure 1 (indirect pulp capping), Figure 2 (direct pulp capping) and Figure 3 (pulpotomy).
Indirect pulp capping (IPC)
Primary teeth Popular choices for IPC were Ca(OH) 2 cement (CHC) (GD: 45%; PD: 18%) and either glass ionomer cement or resin-modified glass ionomer cement (GIC/RMGIC) (GD: 45%; PD: 58%).
In case of posterior teeth, many clinicians preferred GIC/ RMGIC (GD 50%; PD 65%) or CHC (GD: 42%; PD 9%) rather than MTA. Detailed results are presented in Table 2 .
Permanent teeth
In case of anterior teeth, popular choices for IPC were CHC (GD: 40%; PD 34%), GIC/RMGIC (GD: 30%; PD: 47%) and Ca(OH) 2 paste (CHP) (GD: 20%; PD: 9%) rather than MTA. Likewise, in case of posterior teeth, popular choices for IPC were Red segments show proportions of those who do not perform these procedures CHC (GD: 42%; PD: 29%) and GIC/RMGIC (GD: 26%; PD 38%), followed by MTA (GD: 16%; PD: 15%) ( Table 2) .
Direct pulp capping (DPCs)
Primary teeth
In anterior teeth, the most common choice for DPC was MTA (GD: 50%; PD: 42%), and the same was observed for DPC in posterior teeth (GD: 50%; PD: 43%) ( Table 3) .
Permanent teeth
Popular choices for DPC in anterior teeth were CHC (GD: 44%; PD 23%) and CHP (GD: 33%, PD: 51%), followed by MTA (GD: 17%; PD: 18%). In contrast, in posterior teeth, the preferred material was CHC (GD: 44%; PD 16%), followed by MTA (GD: 31%; PD 44%) and CHP (GD 25%; PD: 31%) ( Table 3) .
Pulpotomy
Primary teeth
In anterior teeth, the most popular material for pulpotomy was FS (GD: 33%; PD: 45%), followed by MTA (GD: 33%; 26%), diathermy (GD: 11%; PD: 13%) and formocresol (FC) (GD: 11%, PD: 10%).
In posterior teeth, the most popular material was pulpotomy again FS (GD: 61%; PD: 36%), followed by MTA (GD: 11%; PD 40%) and FC (GD: 11%; PD: 11%) ( Table 4) . 
Permanent teeth
In anterior permanent teeth, the most popular choice for pulpotomy was CHP (GD: 57%; PD: 54%), followed by CHC (GD: 21%; PD: 18%) and MTA (GD: 14%; PD: 18%). In contrast, in posterior permanent teeth, MTA was the most popular material for pulpotomy (GD: 21%; PD: 41%), followed by CHP (GD: 43%; PD: 18%) ( Table 4 ).
DISCUSSION
Although literature shows that MTA is successful when used in various scenarios in restorative dentistry and endodontics, in Australia and New Zealand, this material is not used frequently in clinical practice (11) . The results of the present study show that clinicians working with paediatric dental patients use a range of materials for pulp capping and pulpotomy procedures, with MTA not being used frequently for pulp capping and pulpotomy despite its suitability for these procedures. In Australia and New Zealand, MTA is mainly used as an apical barrier and this application is popular among GD treating adult patients and among endodontists (12) . Notably, all the GD respondents in the present study are members of the ANZSPD and therefore have a special interest in paediatric dentistry. However, they may not be completely representative of the wider population of GD in Australia and New Zealand.
The literature often cites the high cost of MTA being a major barrier to its use in clinical practice despite a widely held view that for procedures such as direct pulp capping, it is the material of choice (6, (13) (14) (15) (16) (17) . The mismatch between the evidence from the literature and the patterns of clinical practice suggests that there may be factors other than cost that influence the material selection by GD and PD. A recent survey of GD and endodontists in Australia and New Zealand showed that lack of education on the use of MTA was a greater barrier than the cost of MTA (12) . This aligns with the observations of the present study, where education on MTA was desired by the majority of respondents. A further point supporting this is product brand selection.
In the dental market in Australia and New Zealand, there is a limited range of MTA products available; yet, clinicians most often used ProRoot MTA, which is the most expensive brand; this contradicts that cost has the strongest influence on the use of MTA. A preference to use ProRoot MTA has also been noted in other surveys on MTA product usage (6, 12) .
In the present study, CHC and glass ionomer cement were preferred over MTA for indirect pulp capping in both primary teeth and permanent teeth, which is in line with the evidence for effectiveness (18) . In contrast, for direct pulp capping in primary teeth, MTA was the most popular material choice, even though this procedure was not performed commonly, even by specialists. The use of MTA for DPC is supported by clinical studies, which show success after 2 to 9 years of follow-up (2, 4).
For direct pulp capping in permanent teeth, clinicians used MTA, CHP or CHC. When considering clinical studies with a follow-up of at least 5 years as being sufficient to cover eventual pulpal necrosis, the selection of both MTA and CHP is supported in the literature (2, 19) . There is, on the other hand, evidence for failure if CHC is used for direct pulp capping in permanent teeth (20) . A study by Barthel et al. reported a 44.5% failure rate at 5 years and a 79.7% failure rate at 10 years (21). These results are in contrast to those for MTA in the same clinical situation, with 98% success at 9 years (2). Although studies that directly compare long-term clinical outcomes of direct pulp capping with MTA with those of direct pulp capping with CHC are lacking, a 2-year study reported 31.5% failure with CHC and only 19.7% failure with MTA (22) .
In the present study, when direct pulp capping with MTA was performed in permanent teeth, there was a clear preference for MTA to be used less often in anterior teeth. This likely reflects concerns of tooth discolouration, particularly from the bismuth trioxide radiopacifier, which is problematic for teeth in the aesthetic zone. Instead, clinicians were choosing CHP, which avoids long-term staining problems. To date, there are limited data on outcomes from CHP versus MTA over the long term (23) .
For pulpotomy in primary teeth, the clinicians in this survey preferred either FS or MTA. This finding agrees with that of a recent Cochrane review, in which similar successful clinical outcomes at 6 and 12 months were illustrated for both materials, with a trend for better outcomes for MTA at 2 years, although the difference was not statistically significant (24) . It was surprising to find that some clinicians were still using FC for pulpotomy in primary teeth because this has become a very difficult dental material to obtain.
The need to use MTA in indirect pulp capping when managing vital teeth with deep carious lesions is limited because of the widespread use of alternatives such as glass ionomer cement. Selective caries excavation and a focus on sealing the margins are designed to reduce iatrogenic pulpal exposure during caries removal. Some infected carious dentine may intentionally be left, and this is then entombed using a well-sealed restoration (17) . In the Hall technique, preformed metal crowns filled with viscous GIC are placed onto teeth without local anaesthesia and without caries removal or approximal enamel preparation (25) .
In cases where the vitality of the coronal pulp is in question because of irreversible pulpitis, options include pulpotomy and pulpectomy, which can give respectable clinical success rates for pulpotomy (26) . In the present study, in case of permanent anterior teeth, CHC and CHP were the most popular products for pulpotomy, while in case of posterior teeth, MTA was more popular, followed by CHP. This pattern of use aligns with evidence that supports the use of CHP for partial pulpotomy in permanent teeth, with a reported success rate of 93.5% over 4 years (27) . There are similar reported success rates for CHP and MTA for partial pulpotomy, although the situation is less clear for complete pulpotomy because many studies do not clarify the type of Ca(OH) 2 used (24, 28, 29) . In the present study, the preference of CHP over MTA for pulpotomy in anterior teeth and the corresponding preference for MTA for pulpotomy in posterior teeth most likely reflects concerns regarding the discolouration of treated teeth rather than concerns regarding effectiveness (23) .
CONCLUSIONS
The choices to use MTA and other dental materials were similar between GD and PD. There were situations in which MTA was not being used despite strong clinical evidence in the literature, and this reflects several factors including training, concerns regarding discolouration and relative cost. The expressed desire of clinicians to undergo further training in the use and handling of MTA suggests that lack of education and awareness remains the major obstacle to its wider use. The same lack of knowledge explains why some clinicians store MTA in an incorrect manner. 
